TRPC6 is a non-voltage-gated Ca 2ϩ entry/depolarization channel associated with vascular tone regulation and remodeling. Expressed TRPC6 channel responds to both neurohormonal and mechanical stimuli, the mechanism for which remains controversial. In this study, we examined the possible interactions of receptor and mechanical stimulations in activating this channel using the patch clamp technique. In HEK293 cells expressing TRPC6, application of mechanical stimuli (hypotonicity, shear, 2,4,6-trinitrophenol) caused, albeit not effective by themselves, a prominent potentiation of cationic currents (I TRPC6 ) induced by a muscarinic receptor agonist carbachol. This effect was insensitive to a tarantula toxin GsMTx-4 (5 mol/L). A similar extent of mechanical potentiation was observed after activation of I TRPC6 by GTP␥S or a diacylglycerol analog 1-oleoyl-2-acetylsn-glycerol (OAG). Single TRPC6 channel activity evoked by carbachol was also enhanced by a negative pressure added in the patch pipette. Mechanical potentiation of carbachol-or OAG-induced I TRPC6 was abolished by small interfering RNA knockdown of cytosolic phospholipase A 2 or pharmacological inhibition of -hydroxylation of arachidonic acid into 20-HETE (20-hydroxyeicosatetraenoic acid). Conversely, direct application of 20-HETE enhanced both OAG-induced macroscopic and single channel TRPC6 currents. Essentially the same results were obtained for TRPC6-like cation channel in A7r5 myocytes, where its activation by noradrenaline or Arg8 vasopressin was greatly enhanced by mechanical stimuli via 20-HETE production. Furthermore, myogenic response of pressurized mesenteric artery was significantly enhanced by weak receptor stimulation dependently on 20-HETE production. These results collectively suggest that simultaneous operation of receptor and mechanical stimulations may synergistically amplify transmembrane Ca 2ϩ mobilization through TRPC6 activation, thereby enhancing the vascular tone via phospholipase C/diacylglycerol and phospholipase A 2 /-hydroxylase/20-HETE pathways.
I t has widely been recognized that cellular functions are elaborately controlled by both neurohormonal activities and mechanical stresses. 1, 2 For example, in the cardiovascular system, the contractile status of arteries is not only regulated by autonomic nerve activities, circulating vasoactive hormones, and paracrinely released autacoids but is also greatly influenced by mechanical stresses such as blood flow and pressure. [3] [4] [5] These 2 mechanisms are expected to operate simultaneously in vivo, but little is known about how they could interact mutually.
A member of the canonical transient receptor potential (TRP) protein family TRPC6 (the sixth canonical subfamily member of TRP protein) is ubiquitously expressed in vascular smooth muscle cells (VSMCs) and implicated in the regulation of vascular tone and remodeling. 6 Like many other TRP isoforms, activation of TRPC6 channel has been reported to occur in a polymodal fashion. In several different types of blood vessels, stimulation of phospholipase (PL)C-coupled receptors has been shown to activate this channel via generation of diacylglycerol (DAG). In a few arteries in which the pressure-dependent autoregulation of blood flow is prominent (eg, cerebral artery), an elevation of intravascular pressure itself is thought to cause the activation of TRPC6 channel, thereby eliciting a vasoconstriction referred to as "myogenic response." 4, 6, 7 The mechanism underlying the mechanical activation of TRPC6 channel is controversial. It was initially explained that DAG generated through mechanical activation of PLC 7, 8 secondarily activates TRPC6 channel. 7 In contrast, a subsequent study proposed that TRPC6 channel can be directly activated by mechanical deformation of the cell membrane via a lipid bilayer-dependent mechanism. 9 The latter proposal was however opposed by the finding that the observed mechanosensitive cation channel in TRPC6-expressing cell may reflect an endogenous mechanosensitive cation channel activity in the expression system. 10 Furthermore, recent independent lines of evidence have provided an alternative view that G q/11 protein/PLC-coupled receptors may themselves be mechanically activated, 11 and their increased cell surface density may allow TRPC6 channel to activate in response to mechanical stimuli. 12 The purpose of the present study, therefore, was to explore a possible explanation about the discrepant findings described above on the mechanosensitivity of TRPC6 channels and seek its physiological significance in native vascular tissues. As the result, we have found that TRPC6 channel exhibits mechanosensitivity only after its receptor-mediated activation, in which a metabolite of arachidonic acid (AA), 20-HETE (20-hydroxyeinosatetraenoic acid), a reportedly major vasoconstrictive lipid mediator, 13 likely plays a pivotal role. Furthermore, additional evidence has suggested that this mechanism may also contribute to the activation of vasoconstrictor-activated cation channels in A7r5 myocytes and operate in an intact mesenteric artery under receptor stimulation that is otherwise poorly responsive to increased intravascular pressure.
Materials and Methods
An expanded Materials and Methods section is available in the online data supplement at http://circres.ahajournals.org.
Cell Culture and Transfection
Human embryonic cells HEK293 and embryonic aortic smooth muscle myocytes A7r5 (American Type Culture Collection, Manassas, Va) were maintained in 10% FBS-containing DMEM. HEK cells were used to cotransfect TRPC6 and CD8 cDNA (used as the expression marker) plasmids with a transfection reagent SuperFect (Qiagen, Hilden, Germany). Functional evaluation was made 48 to 72 hours after transfection. TRPC6-expressing cells were selected with bead-conjugated anti-CD8 antibody (Dynabeads M-450 CD8, Dynal Biotech).
Stealth Small Interfering RNA was transfected to HEK293 and A7r5 cells according to the instructions of the manufacturer.
Electrophysiology
The details of macroscopic and single channel [cell-attached (C/A), inside-out (I/O)] current recordings and data analyses have been described by Shi et al. 14 To minimize variations arising from  different cell size, the magnitude of current is normalized by dividing  by cell capacitance. Shear force (Ϸ10 dyn⅐cm Ϫ2 ; see the online data supplement) was applied as a continuous laminar flow (Ϸ1 L ⅐ s Ϫ1 ) out of a Y-tube, which was initially placed at a distance of Ϸ500 m and quickly moved within 20 m from a voltage-clamped cell.
Negative pressure was applied manually by suction via patch pipette, the magnitude of which was scaled and monitored by using a DMP-1B pneumatic transducer tester (BioTek Instruments, Winooski, Vt).
All experiments were performed at room temperature (22°C to 26°C).
Video Microscopic Diameter Measurement
Arterial segments (second or third branches) of mesenteric artery obtained from male Sprague-Dawley rats (Charles River, Japan) were cannulated at both ends with fine-tipped glass capillaries with nylon threads. Intraluminal pressure was controlled using a pressure myograph. 15 All procedures used for animal experiments were approved by local animal ethics committees of Fukuoka University and University of Copenhagen.
Solutions
The composition of solutions used in the present study was the same as described previously. 14 Hypotonic solutions (HTSs) were made to give a desired hypotonicity by partially replacing external NaCl with sucrose or mannitol. Na ϩ -free external solution was made by equimolar substitution of monovalent cations with N-methyl-Dglucamine (NMDG).
Chemicals
HET0016 was kindly provided by Taisho Pharmaceuticals (Tokyo, Japan).
Statistics
All data are expressed as meansϮSEM (indicated by columns/ symbols and bars in each figure). Two-tailed paired and unpaired Student's t tests were used to evaluate statistical significance: PϽ0.05 (*) or PϽ0.01 (**). For multiple comparisons, ANOVA followed by Bonferroni's t test was used.
For more details of the methods, see the online data supplement.
Results

Four Distinct Mechanical Stimuli Potentiate Receptor-Activated TRPC6 Currents
We first investigated whether TRPC6 channels expressed in HEK293 cells can be directly activated by HTS. 9 However, 1 minute of exposure to HTS (Ϫ75 mOsm) only occasionally activated a small and slowly developing inward current in TRPC6-expressing HEK cells ( Figure 1A ). This current was strongly suppressed by pretreatment with DIDS (300 mol/L) but unchanged on substitution of external Na ϩ and K ϩ with NMDG ( Figure 1A and Online Figure I Figure II ), a tarantula toxin reportedly inhibiting HTS-induced inward currents in TRPC6-expressing cells. 9 In the rest of the present study, to eliminate possible contribution of a slowly developing HTS-induced noncationic current, we added 300 mol/L DIDS into the external solution.
In the next step, to examine whether mechanical stress affects the receptor-mediated activation of TRPC6, we observed the effects of HTS on I TRPC6 after the administration of CCh. Strikingly, the CCh-induced I TRPC6 was reversibly enhanced in response to HTS ( Figure 1A ) without significant change in the reversal potential (1.2Ϯ0.9 mV, nϭ8; Figure  1B ; not significantly different with unpaired t test from the control above). In nontransfected HEK cells, however, little current was induced by CCh without discernible effects of HTS ( Figure 1A , inset). The extent of enhancement of the CCh-induced I TRPC6 became more pronounced with increasing hypotonicity ( Figure 1C ) or weaker preceding receptor stimulation ( Figure 1D ) but remained unchanged in the presence of 5 mol/L GsMTx-4 ( Figure 2B , b). Similar HTS-induced enhancement of I TRPC6 was also observed when it was activated by intracellular perfusion of a nonhydrolyzable GTP analog GTP␥S (10 mol/L) or a diacylglycerol analog 1-oleoyl-2-acetyl-sn-glycerol (OAG) (10 mol/L) ( Figure 1E ).
In another series of experiments, we used other means to generate mechanical forces, shear force and a bulge-forming amphipathic agent 2,4,6-trinitrophenol (TNP). Both shear force (Ϸ10 dyn/cm 2 ) and TNP (500 mol/L), which were ineffective in the absence of receptor stimulation (insets in Figure 2C , a and b), markedly enhanced the magnitude of I TRPC6 activated by CCh (1 mol/L) or intracellularly perfused GTP␥S (10 mol/L) ( Figure 2C , a and b, and 2D).
The mechanical enhancement of receptor-activated I TRPC6 could also be reproduced at the single channel level. As demonstrated and summarized in Figure 3 , virtually no currents were evoked by a negative pressure up to Ϫ60 mm Hg (applied in the patch pipette: Figure 3A , a, and left columns in Figure  3B ). However, after receptor activation (CCh 10 mol/L in the pipette), the activity of Ϸ30 pS single cation channels was increased in a graded fashion depending on the intensity of negative pressure (Ϫ20 to Ϫ60 mm Hg; Figure 3A , b, and right columns in Figure 3B ). The enhancing effect of negative pressure on CCh-induced single TRPC6 channel activity showed some delay in onset and outlasted the period of pressure application. In addition, regardless of TRPC6 protein expression, application of a strong negative pressure (ՆϪ80 mm Hg) often led to irreversible development of irregular inward currents (Online Figure III) .
The Mechanism Underlying the Mechanical Enhancement of CCh-Induced I TRPC6
The time course of mechanical enhancement of receptor-activated I TRPC6 (time to 50% activation and deactivation with Ϫ75 mOsm HTS: 11.8Ϯ1.4 and 13.3Ϯ1.7 seconds, respec- tively; nϭ15) was much slower than that expected for a "direct" bilayer-dependent activation. 2 We thus reasoned that lipid mediators, especially the metabolites of AA, may be involved in this enhancement, as was previously reported for a distinct TRP family member TRPV4. 16 Consistent with this speculation, pharmacological inhibition of PLA 2 with AA-COCF 3 (10 mol/L) or pBPB (200 mol/L) (pretreated for 5 to 10 minutes; Figure 4A , b), or specific small interfering (si)RNA knockdown of cytosolic PLA 2 (Figure 4A , b) almost completely abolished HTS-or TNP-induced enhancement of receptor-activated I TRPC6 . A similar extent of inhibition was also observed with 17-ODYA and HET0016 (pretreated for 5 to 10 minutes), the inhibitors for / Ϫ -hydroxylase, which metabolizes AA into 20-HETE ( Figure 4A , a and b). These inhibitors were without effects on I TRPC6 when applied acutely. In contrast, the inhibitions of cyclooxygenase, lipooxygenase, and epoxygenase by indomethacin, NDGA, and miconazole (each 10 mol/L), respectively, were all ineffective ( Figure 4A, b) . These results suggest the involvement of 20-HETE in mechanical potentiation of receptor-activated I TRPC6 . To further corroborate this idea, we next applied 20-HETE exogenously. As shown in Figure 4B and 4C, direct application of 20-HETE (100 nmol/L) significantly enhanced both macroscopic I TRPC6 and single TRPC6 channel currents induced by OAG (10 mol/L), although application of 20-HETE alone failed to induce a detectable current up to 10 mol/L (left-most column in Figure 4C , b; not shown for macroscopic current). Furthermore, the enhancing effects of 20-HETE were not significantly affected by the PLC inhibitor U73122 (1 mol/L) ( Figure 4B , b, and 4C, b), thus excluding the involvement of PLC therein.
These results together suggest that activation of the cytosolic PLA 2 /-hydroxylase cascade and consequent production of 20-HETE is essential for the mechanical enhancement of receptor-activated TRPC6 current/channel activity.
Vasoconstrictor-Activated Cation Channels in A7r5 Myocytes Become Susceptible to Mechanical Stimuli After Receptor Activation
To explore the physiological significance of abovementioned observations, we repeated the same experiments as above in a native VSMC model A7r5 myocyte. In this myocyte, vasoconstrictors such as noradrenaline (Norad), vasopressin, angiotensin, and endothelin were found to activate TRPC6-like currents. [17] [18] [19] Consistent with these previous findings, abundant expression of TRPC6 was detected by the RT-PCR technique, and specific siRNA knockdown of TRPC6 almost abolished Norad-or Arg8-vasopressin (AVP)induced cation current in parallel with reduced TRPC6 protein expression (Online Figure IV) . 19 TRPC6-like currents evoked by Norad or AVP in A7r5 myocytes were greatly enhanced by mechanical stimuli (HTS, shear force), whether they were applied together with or after receptor stimulation ( Figures 5A, b through d, and 6A, a). These mechanical stimuli were however ineffective in the absence of receptor stimulation (300 mol/L DIDS added; Figure 5A , a). The mechanical enhancement of TRPC6-like currents was more pronounced at lower concentrations of receptor agonists. As summarized in Figure 5B , a and b, application of shear force caused a more than 10-fold leftward shift in the dose-response relationship between agonist concentration and the density of evoked current (open versus filled circles).
Potentiating effects of mechanical stimuli were still observed when TRPC6-like currents were more directly activated by intracellular perfusion of GTP␥S (10 mol/L) or OAG (10 mol/L) ( Figure 6A, b, and 6C) . As in the case of expressed TRPC6, this potentiation was greatly attenuated by pretreatment with AACOCF 3 (10 mol/L) or HET0016 (10 mol/L) and siRNA knockdown of cytosolic PLA 2 (Figure 6B through 6D) . In contrast, neither GsMTx-4 (5 mol/L) nor the PLC inhibitor U73122 (1 mol/L) nor the protein kinase C blocker GF109203X (2 mol/L), which was reported to inhibit the mechanical enhancement of endothelin-1-activated, GsMTx-4 -inhibitable single cation channels in pulmonary and cerebral arterial myocytes, 20 attenuated the mechanical potentiation of TRPC6-like currents (Online Figure V) .
Consistent with the above macroscopic data, single TRPC6-like channel activity in A7r5 myocyte evoked by a low concentration of AVP (3 nmol/L) (reversal potential: Ϫ2.3Ϯ1.8 mV, nϭ5; unitary conductance: 32.6Ϯ1.1 pS, nϭ5; Figure 7A , c) was also markedly enhanced by a negative pipette pressure in the range of Ϫ20 to Ϫ80 mm Hg ( Figure 7A, a and b, 7C, and 7D ). Furthermore, this enhancement diminished after pretreatment with HET0016 (10 mol/L) ( Figure 7C and 7D ). In the absence of AVP, however, the negative pressure could induce virtually no single channel activities ( Figure 7B and open circles in Figure 7C ).
These results collectively suggest that a 20-HETE-mediated mechanism similar to that observed for expressed TRPC6 channel likely operates in synergistic activation of TRPC6-like channels in A7r5 myocytes by neurohormonal and mechanical stimulations.
"Sensitized" Myogenic Response Is Mediated by 20-HETE Production
Finally, to get more physiological insight into the above mechanism at the tissue level, we performed a videomicroscopic diameter measurement of pressurized rat mesenteric artery where expression of TRPC6 can be detected by RT-PCR ( Figure 8A ). Large (second or third) branches of this artery were reported to respond poorly to elevated intravascular pressure in the absence of receptor stimulation. 21 As demonstrated and summarized in Figure 8 , the sustained phase of pressure-induced diameter decrease (myogenic response) was marginal in the absence of agonist (filled triangles in Figure 8C ). However, after partial vasoconstriction with the ␣ 1 -adrenergic agonist phenylephrine (or noradrenaline) and neuropeptide Y, the magnitude of myogenic response was greatly enhanced ( Figure 8B and filled circles in Figure 8C through 8E). This enhanced response was almost abolished by Gd 3ϩ or SKF96365 at concentrations that effectively inhibit expressed TRPC6 channels (2 and 5 mol/L, respectively; Figure 8E) 22 but are ineffective for excess K ϩ -induced vasoconstriction ( Figure 8F ). Importantly, pretreatment with HET0016 (10 mol/L) strongly counteracted this enhanced myogenic response (open circles in Figure 8C and 8D) . These results suggest that 20-HETE likely mediates the sensitized myogenic response by ␣1adrenergic receptor stimulation which involves the activation of TRPC6.
Discussion
The present results have clearly demonstrated that expressed TRPC6 channel is not primarily activated by mechanical stimuli. Instead, if once receptor-activated, it becomes mechanosensitive via production of a PLA 2 /-hydroxylase metabolite 20-HETE. A similar mechanism seems also operative in a native VSMC model A7r5 myocyte, where simultaneous activation of PLC-and PLA 2 -coupled signaling pathways synergistically enhances TRPC6-like channel activity. Furthermore, videomicroscopic data obtained from pressurized mesenteric arteries suggest that this synergism may be physiologically important to enhance myogenic response during neurohormonal stimulation. It is known from in vitro studies that arteries from circulations showing a prominent autoregulatory response (eg, cerebral, coronary, and renal arteries) directly develop myogenic tone to pressurization. 4 Thus, the mechanism identified in the present study may have more physiological significance in blood vessels, which are poorly responsive to increased intravascular pressure itself but show enhanced myogenic responsiveness after receptor stimulation. 4 However, it cannot be ruled out that the myogenic tone in cerebral, coronary, and renal resistance-sized vessels in vivo is greatly enhanced by this synergistic mechanism because of the presence of sympathetic (noradrenergic) tone.
The mechanism for mechanical activation of TRPC6 channel is controversial. As a result of findings from a bacterial mechanosensitive cation channel model, MscL, 23 an early study hypothesized that mechanical (stretch, hypotonicity) and chemical (formation of DAG) stimuli activate TRPC6 channel through a common lipid bilayer-dependent mechanism. 9 The important rationale for this hypothesis was that GsMTX-4, an amphipathic venom peptide known to disturb the lipid-channel boundary, 24 blocked both mechanical and receptor-mediated activation of the channel. However, the relevance of this hypothesis was soon questioned by the lack of reproducibility. 10 An alternative mechanism has instead been proposed: activation of TRPC6 channel is the secondary consequence of mechanical activation of G q/11 /PLC-coupled receptors. 12 More specifically, in both HEK293 and A7r5 cells, the increased cell surface density of angiotensin II receptor AT 1 attributable to its overexpression rendered TRPC6 channel to be directly responsive to HTS, cell inflation/stretching and a physiological range of negative pressure, and this was almost completely prevented by the PLC inhibitor U73122 and antagonists/inverse agonists for AT 1 receptor. 12 Furthermore, myogenic response of cerebral artery was profoundly inhibited by the inverse agonist of the AT 1 receptor, losartan. 12 Although direct evidence is still lacking, these results have been interpreted to indicate that membrane stretch can directly cause an agonist-independent conformational change of the receptor thereby activating the downstream G q/11 /PLC/DAG/TRPC6 signaling cascade. 11, 12 Our present results have confirmed the observation that TRPC6 channel per se is not mechanosensitive. Total insensitivity of receptor-activated and mechanically potentiated TRPC6 current to GsMTx-4 further supports that altered lipid bilayer mechanics would not be a primary mechanism to activate the channel. However, at an endogenous expression level of G q/11 /PLC-coupled receptors that we used, disparate observations were obtained. Firstly, receptor-mediated activation of TRPC6 channel is a prerequisite for its responsiveness to mechanical stimuli. Secondly, mechanical activation of TRPC6 channel likely involves the generation of a PLA 2 metabolite 20-HETE rather than PLC metabolites. It has been reported that some G protein-coupled receptors (GPCRs) show a constitutive activity being capable of activating the downstream signaling cascades without binding of agonists, which is effectively decoupled by inverse agonists. 25 If this were the case for the above study, the possibility must be taken into account that spontaneous activation of PLC, which would be greatly exaggerated by the overexpression of GPCRs, could produce a sufficient amount of DAG to activate TRPC6 channel. Indeed, our findings that even weak receptor activation could induce a prominent mechanosensitivity of TRPC6, and that TRPC6-expressing cells exhibiting an exclusively high spontaneous activity responded directly to mechanical stimuli (Online Figure VII) , may support this speculation. In the above study using overexpression of GPCRs, 12 however, the potential contribution of 20-HETE production was not tested. It is thus a remaining unresolved issue to clarify to what extent PLC-and PLA 2 -mediated signaling pathways respectively contribute to mechanical activation of TRPC6 channel in physiological settings. 20-HETE was previously reported to directly activate a small cationic current in TRPC6-overexpressing HEK cells (maximum current density: Ϸ2pA/pF at Ϫ40 mV with 10 mol/L). 26 However, the concentration required to activate the current (EC 50 ϭ0.8 mol/L) was much higher than that used in the present study (100 nmol/L), and we could record little discernible current at the latter concentration ( Figure 4C, b) . Furthermore, the observed properties of cationic current evoked by 20-HETE (linear current-voltage relationship; no sensitivity to flufenamate) 26 are atypical of TRPC6 channel. 22 These observations suggest that direct The currents were activated by either AVP (1 nmol/L), Norad (100 nmol/L), GTP␥S (10 mol/L), or OAG (10 mol/L) in the absence and presence of 10 mol/L AACOCF 3 or HET0016. D, Virtually no effects of shear force on AVP-evoked TRPC6 current after treatment with siRNA for cytosolic PLA 2 (si-cPLA 2 ) (a) in A7r5 myocytes. D, b, Averaged fold increase induced by shear force with negative control (si-con) and si-cPLA 2 . Inset in b displays immunoblots for PLA 2 in A7r5 myocytes after siRNA. effects of 20-HETE, albeit present, would only marginally contribute to mechanical potentiation of TRPC6 channel observed in the present study. However, it is possible that the preceding activation of TRPC6 via a DAG-dependent mechanism may enhance the activating effect of 20-HETE or visa versa. This deserves further investigation.
It has been reported that reduced osmolarity or shear stress can activate a distinct TRP subfamily member TRPV4 via generation of a PLA 2 /epoxygenase metabolite 5Ј-6Јepoxyeicosatrienoic acid (EET). 16 EET-mediated activation of TRPV4 in endothelial cell has been implicated in shearinduced vasodilation. 5, 27 Interestingly, a recent investigation revealed that the responsiveness of TRPV4 to hypoosmolarity was greatly enhanced (or "sensitized") by concomitant activation of P2Y receptor by ATP. This sensitization could be assigned to physical interaction between TRPV4 channel and activated IP 3 receptor via PLC-coupled receptor stimulation. 28 Although the role of PLA 2 is more primary in activating TRPV4 than TRPC6, the above finding raises the idea that the synergism of PLC and PLA 2 may be a common biological strategy to amplify an otherwise marginal Ca 2ϩ mobilization caused by either neurohormonal or mechanical stimulus alone.
In VSMCs, 20-HETE is thought to be the major AA product generated by cytochrome P450 CYP4A enzymes exhibiting -hydroxylase activities, whereas vascular endothelial cells mainly produce EETs via CYP2C and CYP2J enzymes. 13 EETs are suggested to mediate vasodilatory actions in both endothelium-dependent (see above) and -independent manners in part via TRPV channels. 6 In human umbilical vein, 11,12-EET is also reported to facilitate the translocation of TRPC6 protein to caveolin-1-rich areas of the endothelial membrane, thereby prolonging membrane hyperpolarization. 29 In contrast, 20-HETE has been shown to act as a potent vasoconstrictor independently of endothelial function and presumably involved in the release of vasoactive neuropeptides from sensory nerve terminals via TRPV1 activation. 30 Part of these effects has been ascribed to increased voltage-dependent Ca 2ϩ influx attributable to the inhibition of a large conductance Ca 2ϩ -dependent K ϩ channel (which leads to membrane depolarization) and potentiation of L-type voltage-dependent Ca 2ϩ channel in VSMCs. 13 20-HETE is also reported to activate protein kinase C, thereby increasing the Ca 2ϩ sensitivity of contractile machinery. 13 Our present findings add a new important vascular target of 20-HETE to this repertoire, ie, TRPC6, which is expected to serve as "depolarization" channels enhancing Ca 2ϩ influx in direct and indirect (via secondary activation of voltage-dependent Ca 2ϩ channel or Na ϩ /Ca 2ϩ exchanger) manners and hence increasing the vascular tone. Importantly, 20-HETE has been implicated in the pathogenesis of hypertension in rats. 31 A similar correlation with increased blood pressure has also been suggested for the increased expression of TRPC3, the closest homolog of TRPC6, in human essential hypertensive patients. 32 Furthermore, in the early stage of human essential hypertension, hyperactivity of sympathetic nervous system and excessive activation of renin-angiotensin-aldosterone system, both of which are expected to potently activate vascular TRPC6 channels, are thought to play key roles. 33 It may thus be worthy to investigate how these mechanisms would mutually interact and contribute to the pathological dysregulation of blood pressure, particularly with regard to the novel mechanism disclosed in this study, ie, the synergism of receptor and mechanical stimulations in TRPC6-mediated Ca 2ϩ mobilization. Combined application of Norad and NPY is reported to stabilize the mesenteric arterial tone. 21 HET0016 (10 mol/L, 10 minutes) abolished the sustained phase of pressure-induced diameter decrease. C, Pressure-vascular tone curve in the absence (OE) or presence of 1 mol/L phenylephrine without (F) or with (E) 10 mol/L HET0016 pretreatment (10 minutes). The degree of vasoconstriction (vascular tone) is expressed as the difference between active and passive diameter in percentage of the diameter in Ca 2ϩ -free solution plus EGTA. Absolute changes in the outer diameter (m) are displayed in Online Figure VI . D and E, Summary of relative change in the arterial outer diameter with 20 to 200 nmol/L phenylephrine/Norad plus 1 to 2 nmol/L NPY after pretreatment with 10 mol/L HET0016 (10 minutes) (D) or in the presence of 2 mol/L Gd 3ϩ or 5 mol/L SKF96365 (E). For D, the absolute values of outer diameter at 60/100 mm Hg were 295Ϯ8/288Ϯ9, 295Ϯ8/305Ϯ9, and 347Ϯ10/363Ϯ9 m for control, 10 mol/L HET0016, and Ca 2ϩ -free external solution, respectively. F, Concentration-inhibition curves for K ϩ -induced (75 mmol/L) diameter decrease of cannulated mesenteric artery with Gd 3ϩ and SKF96365.
